Using a new measurement of the D/H fractionation efficiency and new estimates of the water loss, we calculate that Mars has the equivalent of a • 9 m global water layer in a reservoir that exchanges with the atmosphere.
The measured D/H enrichment is about 5 times the terrestrial value, but without exchange, the atmosphere converges on an enrichment of 50 in about 0.5 Ma. Due to the large buffering reservoir and the rapid loss rate (10 -3 pr-pm yr-1), the small atmospheric reservoir, averaging 10 pr-pm, is unlikely to be in continuous isotopic equilibrium with the full 9 m exchangeable reservoir. Instead, it presumably equilibrates during periods of high obliquity; the atmospheric D/H ratio is expected to be enriched in between such periods. If isotopic exchange with a small (4 mm global layer) reservoir occurs under current conditions, it possible for the atmospheric D/H ratio to be within 10% of its long term equilibrium.
Mars currently has little detectable water. The atmosphere is very dry, with an average of 10 pr-pm [Jakosky and Farmer, 1982; Cart, 1996; Kieffer et al., 1992] ; where I precipitable micron (pr-pm) of water is equivalent to a I pm deep layer over the entire surface when all the water is precipitated out. The only observed long-term water reservoir is the northern polar cap. Yet there are several lines of evidence suggesting that Mars had a larger reservoir in the past. One line of evidence is the large deuterium enrichment in atmospheric water [Owen et al., 1988; Krasnopolsky et al., 1997 ]. This implies that significant amounts of water have been lost from the surface by a fractionating mechanism [Yung et al., 1988] . A second line of evidence for large amounts of water in the past is the channels and other geomorphic evidence that appear to have been created by flowing water [Cart, 1996; Kieffer et al., 1992] . Quantitative estimates of the amount of water on Mars based on these two observations are very different. Yung et al. [1988] of the atmospheric D/H ratio using estimates for the fractionation due to H escape to space indicated that the planet currently has the equivalent of a global layer of water • 0.2 m thick.
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0094-8276/99/1999GL008372505.00 This is the residual from an initial reservoir equivalent to a • 3.6 m global layer of water. In contrast, the geological estimates range from a global thickness of 100 m to I km [Cart, 1996; Kieffer et al., 1992] . Estimates of the size of the northern polar cap imply it contains the equivalent of 8 m to 12 m of water [Zuber et al., 1998] . In this work we attempt to bring some of these estimates into agreement. Using the above measurements and assumptions (1 = 50 m, Rt = R(present) = 7, R0 = 1, and F = 0.02), we calculate that Mars currently has a reservoir equivalent to a global layer of water 8 m thick. This is equivalent to a volume of 1.2 x 106 km a of water. It is a lower limit for the total amount of water on Mars since there may be reservoirs that do not exchange with the atmosphere or near surface reservoirs. Table i The fact that the entire northern polar cap needs to be in isotopic equilibrium with the atmosphere to explain the measured D/H enrichment is problematic.
We start with a revision of

Under current Martian
conditions it is difficult to see any mechanism for equilibrating the atmosphere with 8 m equivalent reservoir (at least over relatively short timescales). On the other hand, it is believed that the Martian climate changes dramatically due to changes in its obliquity [Ward, 1992] . The current obliquity of 25.20 is intermediate. It is believed that at higher obliquities (where the polar regions receive more isolation), there will be a higher CO2 pressure and possibly more atmosphere-water interactions [Cart, 1996] . In such an environment, it should be easier to mobilize H20 and isotopically equilibrate the various reservoirs.
While isotopically equilibrating the full 8 m global H20 reservoir during high obliquity periods is a reasonable mechanism, it is not sufficient. Over at least the last 2 million years, the obliquity has had a period of about 10 • years, with a-- The question is then whether or not these sources can exchange sufficiently rapidly to keep the intermediate reservoir in equilibrium with the atmosphere. In the first case, there is 10 4 pr-pm of adsorbed H20 per meter of regolith depth [Fanale and Jakosky, 1982] . Using the diffusion rates from Fanale and Jakosky [1982] In the case of ground ice or permafrost, the limiting factor will be either the atmospheric transport or the diffusion through the ground, depending on the depth of the ice. Since both of those processes, as estimated above, are fast enough to allow sufficient water to exchange, a ground ice or permafrost source would also work.
Since all three possible intermediate reservoirs are easily capable of equilibrating sufficient water with the atmosphere to buffer it against moderate changes, we feel that the long term atmospheric value is close (but not equal to) the current measured value. Based on assuming a long term equivalent equilibrium value at 90% of the current value, we estimate an exchangeable reservoir of .-• 9 m (a volume of 1.3 x 106 km a, or a cap 1100 km in diameter). There is a large uncertainty in this estimate due to the uncertainty in the parameters used in the model.
There should be measurable isotopic differences between the current atmosphere and the long term reservoir that coring into the northern polar cap might reveal.
Given the rapid loss of water (relative to the atmospheric column density), and the large exchangeable reservoir implied by the fractionation factor, it appears that Mars probably has multiple water reservoirs that interact on varying timescales. The current climate im-plies that the largest exchangeable reservoirs are not in equilibrium with the atmosphere. But the atmospheric D/H values imply that an intermediate sized exchangeable reservoir is buffering the atmosphere, even at present. This leads us to postulate a three reservoir model, which implies that the current atmospheric isotopic D/H enrichment differs from the enrichment of the bulk reservoir (although it is an upper bound). Using this model, we estimate that there is the equivalent of a •0 9 rn global layer of exchangeable water on Mars.
